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エポキシ糖の反応性を利用する立体制御された分岐糖ヌクレオシド 
の合成研究：抗HIV活性を有する Festinavir の開発 
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࠼࡯࡞‧ߩ┙૕ㆬᛯ⊛ߥࡅ࠼࡝࠼ㆶరࠍⴕ߁ߎߣ
ߦࠃࠅ㧘㪈’㪄὇⚛⟎឵࡝ࡏ࠿ࠢ࡟ࠝࠪ࠼㩿 㪀ߩวᚑ߇
น⢻ߣߥߞߚ㧚㩷
৻ᣇ㧘ࠕࡁࡔ࡝࠶ࠢ࡜ࠫࠞ࡞ࠍ෻ᔕਛ㑆૕ߣߒ
ߡ೑↪ߔࠆวᚑᴺ߽ႎ๔ߐࠇߡ޿ࠆ㧚ࡉࡠࡕ㪄ࡇ
ࡃࡠࠗ࡞ࠝࠠࠪ૕㩿 㪀ࠍ࡜ࠫࠞ࡞᧦ઙߦઃߔߣ㧘ᦨ
ೋߦ↢ᚑߔࠆ╙ੑ⚖὇⚛࡜ࠫࠞ࡞㩿※※※㪀߇ࠕࠪ࡞ࠝ
ࠠࠪၮߩ㪈㧘㪉㪄ォ૏ߦࠃࠅࠕࡁࡔ࡝࠶ࠢ࡜ࠫࠞ࡞
㩿※⁈㪀߳ᄌ឵ߐࠇ㧘ᒁ߈⛯ߊ ※⁈ߣࠕ࡝࡞࠻࡝ࡉ࠴࡞
ࠬ࠲࠽ࡦߣߩ࡜ࠫࠞ࡞⟎឵෻ᔕߦࠃࠅ㪈’㪄㧯㪄ࠕ࡝
࡞ࠕ࡜ࡆࡁࡈ࡜ࡁࠪ࡞࠿ࠢ࡟ࠝࠪ࠼㩿‪㪀߇ᓧࠄࠇ
ࠆ㩿ࠬࠠ࡯ࡓ㩷 㪊㪀㪈㪇㪀㧚߹ߚ㧘㪈’㧘㪉’㪄ਇ㘻๺࠿ࠢ࡟ࠝ
ࠪ࠼ߦኻߔࠆ᳞㔚ሶ⊛ߥࡈࠚ࠾࡞ࠬ࡞ࡈࠔ࠾
࡟࡯࡚ࠪࡦߦࠃࠅᓧࠄࠇࠆ‫ߣࠕ࡝࡞࠻࡝ࡉ࠴࡞
ࠬ࠲࠽ࡦߣߩಽሶ㑆ߢߩ࡜ࠫࠞ࡞⟎឵෻ᔕߦࠃ
ࠆ㪈’㪄ࠕ࡝࡞ࠕ࡜ࡆࡁࡈ࡜ࡁࠪ࡞࠿ࠢ࡟ࠝࠪ࠼
㩿‣•㪀ߩวᚑ㩿ࠬࠠ࡯ࡓ㩷 㪋㪀㪈㪈㪀߿ಽሶౝߦ࡜ࠫࠞ࡞ࠕ
ࠢ࠮ࡊ࠲࡯ࠍᜬߟ‣‣ߩ࡜ࠫࠞ࡞㐽Ⅳ෻ᔕࠍ೑↪
ߔࠆᣇᴺ߇ႎ๔ߐࠇߡ޿ࠆ㩿ࠬࠠ࡯ࡓ‒ 㪌㪀㪈㪉㪀㧚Ⅳൻᚑ
❣૕‣․ߪࡈ࠶ൻ‛ࠗࠝࡦߦࠃࠆ㧱㪉⣕㔌෻ᔕߦࠃࠅ㩷
O
O
OSi
Si
NH
N O
O
O
t-Bu
O
Br
organosilicon reagent
Lewis acid
or
organoaluminum reagent
O
O
OSi
Si
NH
N O
O
RBr
R = carbon substituent
O
O
OSi
Si
NH
N O
O
RX
X = H or OH
O
O
OSi
Si
NH
N
O
OBr
1 2
3
I
ࠬࠠ࡯ࡓ㧝㧦᳞ᩭ⟎឵෻ᔕࠍၮ⋚ߣߔࠆ㪈’㪄ಽጘ♧࠿ࠢ࡟
ࠝࠪ࠼ߩวᚑ㩷
㩷
O
O
O
Si
O
Si
NH
N O
O
C
O
O
O
Si
O
Si
NH
N O
O
O
SePh
O
O
O
O
Si
O
Si
NH
N
O
O
O
Sm3+
Ph
OH
H
4
O
O
O
Si
O
Si
NH
N O
O
C Ph
OH
HOH
5
6II
1) SmI2
2) PhCHO
ࠬࠠ࡯ࡓ㧞㧦᳞㔚ሶ⟎឵෻ᔕࠍၮ⋚ߣߔࠆ㪈’㪄ಽጘ♧࠿ࠢ
࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
OO
O
Si
NH
N O
O
CH2CH=CH2O
O
AcO
NHN
O
Br
O O
t-Bu
O
AcO Bu3Sn O
AcO
NHN
O
O O
t-Bu
O
AcO
OAcO
AcO
NH
N
O
OO
t-BuOt-Bu
O
Bu3SnCH2CH=CH2
7 III
IV8
ࠬࠠ࡯ࡓ㧟㧦࡜ࠫࠞ࡞⊛㪈㪃㪉㪄ࠕࠪ࡞ࠝࠠࠪࠍ೑↪ߔࠆ㪈’㪄
ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
㪈’㪄㧯㪄ࡆ࠾࡞࠙࡝ࠫࡦ㩿‣‥㪀ߩวᚑߦ೑↪ߐࠇߡ޿
ࠆ㧚એ਄ߩࠃ߁ߦ㧘࠿ࠢ࡟ࠝࠪ࠼ߩࠕࡁࡑ࡯૏ߢ
ߩ᳞ᩭ⟎឵෻ᔕ㧘᳞㔚ሶ⟎឵෻ᔕ߅ࠃ߮࡜ࠫࠞ࡞㩷
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O
O
OSi
Si
NH
N O
O
9
S
O
O
OSi
Si
NH
N O
O
10
Bu3SnCH2CH=CH2
AIBN
benzene, reflux
ࠬࠠ࡯ࡓ㧠㧦࡜ࠫࠞ࡞⊛㪈㪃㪉㪄ࠕࠪ࡞ࠝࠠࠪࠍ೑↪ߔࠆ㪈’㪄
ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
㩷
O
O
O
Si
O
Si
NH
N O
O
SePh
hv
(PhSe)2
O Si
Me Me
O
O
O
Si
O
Si
NH
N O
O
O Si
Me Me
SePh
O
AcO
AcO
NH
N O
O
OAc
1) Bu4NF/THF
2) Ac2O/DMAP/Et3N
    CH3CN
11 12
13
ࠬࠠ࡯ࡓ㧡㧦ಽሶౝ࡜ࠫࠞ࡞㐽Ⅳࠍ೑↪ߔࠆ㪈’㪄ಽጘ♧࠿
ࠢ࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
㩷
NH
N
O
O
TBDMSO
O
O
Me
H aqueous HCHO
NaOH
NH
N
O
HO
TBDMSO
O
O
Me
HO
NH
N
O
TBDPSO
TBDMSO
O
O
Me
HO
NH
N
O
HO
HO
O
O
Me
C
N
14 15
1617
ࠬࠠ࡯ࡓ㧢㧦ࠕ࡞࠼࡯࡞㧙ࠞ࠾࠶࠷ࠔࡠ෻ᔕࠍ㎛෻ᔕߣ
ߔࠆ㪋’㪄ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
⊛ߥ⟎឵෻ᔕࠍ೑↪ߔࠆ㪈’㪄ಽጘ♧⺃ዉ૕ߩวᚑ
߇ⴕࠊࠇߡ߈ߚ߇㧘ዉ౉ߢ߈ࠆ⟎឵ၮߦ೙㒢߇޽
ࠆߎߣ߿Ǫ㪄࠿ࠢ࡟ࠝࠪ࠼ࠍ㜞޿ㆬᛯᕈߢᓧࠆߎ
ߣ߇࿎㔍ߢ޽ࠆߣ޿߁໧㗴ὐ߇޽ߞߚ㧚㩷
㪋’㪄㧯㪄ࠪࠕࡁ࠴ࡒࠫࡦࠍߪߓ߼ߣߔࠆ㪋’㪄ಽጘ♧
࠿ࠢ࡟ࠝࠪ࠼ߩวᚑߪࠬࠠ࡯ࡓ㩷 㪍ߦ␜ߒߚࠃ߁ߦ
࠿ࠢ࡟ࠝࠪ࠼㩷 㪌’㪄ࠕ࡞࠺ࡅ࠼㩿‣…㪀ߩࠕ࡞࠼࡯࡞࡯ࠞ㩷
Pg
H Pg
NH
N
OO
PgO
O
O
O
PgO
O
NH
N O
O
2',3'-epoxynucleoside1',2'-epoxynucleoside
O
PgO N
N
N
N
N
3',4'-epoxynucleoside
O
PgO
N
N
N
N
N
OPgO
OPg
O
4',5'-epoxynucleoside
Me
H
Pg = protecting group
࿑㧠 ࠛࡐࠠࠪ♧᭴ㅧࠍ᦭ߔࠆ࠿ࠢ࡟ࠝࠪ࠼㩷
㩷
㩷
O
TrO
O
NH
N O
O
18
Tr = triphenylmethyl
O
TrO
NH
N O
O
C
OH
LiC{CH
C
H
19
ࠬࠠ࡯ࡓ㧣㧦㪉’㧘㪊’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ࠍ೑↪ߔࠆ㪊’㪄
ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑ㩷
㩷
࠾࠶࠷ࠔࡠ෻ᔕߦࠃࠅᓧࠄࠇࠆ㪋’㪄ࡅ࠼ࡠࠠࠪࡔ
࠴࡞૕㩿‣‧㪀ߩൻቇᄌ឵ߦၮߠ޿ߡ޿ߚ㪈㪊㪀㧚ߔߥࠊ
ߜ㧘‣‧߆ࠄ⺃ዉߒߚ‣ ߩ㉄ൻ෻ᔕߦࠃࠅᓧࠄࠇࠆ
ࠕ࡞࠺ࡅ࠼ߩࠝࠠࠪࡓൻߣࡔࠪ࡞㉄ߩ㧱㪉⣕㔌෻
ᔕߦࠃࠅ㪋’㪄㧯㪄ࠪࠕࡁ࠴ࡒࠫࡦ㩿‣ 㪀߇วᚑߐࠇߡ
޿ࠆ㧚ߎߩᣇᴺߪ⃻࿷ᦨ᳢߽↪ߐࠇߡ޿ࠆ߇㧘ࡅ
࠼ࡠࠠࠪࡔ࠴࡞૕‣ ࠍᓧࠆߚ߼ߦᄙⴕ⒟ࠍⷐߔ
ࠆߎߣ߿ዉ౉ߢ߈ࠆ⟎឵ၮߦ೙㒢߇޽ߞߚ㧚㩷
㩷
㧞㧚ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩวᚑ⊛೑↪㩷
ࠛࡐࠠࠪ࠼ߩ὇⚛᳞ᩭ೷ߦࠃࠆⅣ㐿ⵚ෻ᔕߪ
὇⚛㺍὇⚛⚿วࠍ᭴▽ߔࠆ෻ᔕߦ߅ߌࠆ㊀ⷐߥ෻
ᔕߩ৻ߟߣߒߡ⍮ࠄࠇߡ޿ࠆ㪈㪋㪀㧚ࠛࡐࠠࠪ♧᭴ㅧ
ࠍ᦭ߔࠆ࠿ࠢ࡟ࠝࠪ࠼⺃ዉ૕ߣߒߡ㧘㪈’㧘㪉’㪄㧘㩷
㪉’㧘㪊’㪄㧘㪊’㧘㪋’㪄߅ࠃ߮㪋’㧘㪌’㪄ࠛࡐࠠࠪ࠼߇⠨߃ࠄ
ࠇࠆ㩿࿑㪋㪀㧚ߘࠇࠄߩਛߢ㧘㪉’㧘㪊’㪄ࠛࡐࠠࠪ࠿ࠢ࡟
ࠝࠪ࠼߇ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑߦ೑↪ߐࠇ
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ߡ޿ࠆߦߔ߉ߥ߆ߞߚ㧚ߔߥࠊߜ㧘㪮㪸㫃㫂㪼㫉ࠄߪ㪉’㧘
㪊’㪄࡝ࠠ࠰ࠛࡐࠠࠪ࠙࡝ࠫࡦ㩿‣‪㪀ࠍ࡝࠴࠙ࡓࠕ࠮
࠴࡝࠼ߣ෻ᔕߐߖࠆߎߣߦࠃࠅ㧘㪊’૏ߦࠛ࠴࠾࡞
ၮ߇ಽጘߒߚ࠙࡜ࠪ࡞࠿ࠢ࡟ࠝࠪ࠼㩿‣‫㪀ࠍวᚑߒ
ߡ޿ࠆ㩿ࠬࠠ࡯ࡓ‒ 㪎㪀㪈㪌㪀㧚ઁ ߩਃ⒳㘃ߩࠛࡐࠠࠪ♧࠿
ࠢ࡟ࠝࠪ࠼ߪ․ᓽ⊛ߥ౒ㅢ᭴ㅧߣߒߡࡈ࡜ࡁ࡯
ࠬⅣߩ㉄⚛ේሶ߇ࠛࡐࠠࠪⅣߦ㓞ធߒߚ᭴ㅧࠍ
᦭ߒߡ޿ࠆ㧚ߒߚ߇ߞߡ㧘ߎࠇࠄߩࠛࡐࠠࠪ࠼ߪ
ࠝࠠ࠰࠾࠙ࡓࠗࠝࡦߩᒻᚑࠍ઻߁Ⅳߩ㐿ⵚࠍฃ
ߌ߿ߔ޿ߎߣ߇੍ᗐߐࠇࠆ㧚ߎߩ᭴ㅧ⊛․ᓽߪ὇
⚛᳞ᩭ೷ߩ૏⟎ㆬᛯ⊛ߥ෻ᔕ߇ᦼᓙߢ߈ࠆ߇㧘ห
ᤨߦਇ቟ቯߥߚ߼ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑߦ
ߪ೑↪ߐࠇࠆߎߣߪߥ߆ߞߚ㧚଀߃߫㧘㪈’㧘㪉’㪄ࠛ
ࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼㩿․•㪀ߪࠝࠠ࠰࠾࠙ࡓࠗࠝࡦ
㩿․‣㪀ߣߩᐔⴧ⁁ᘒߣߥࠅ㧘᳓߇౒ሽߔࠆߣࡋࡒࠕ
࠮࠲࡯࡞㩿․․㪀ࠍ⚻↱ߒߡ㧘ᩭ㉄Ⴎၮߣ࡜ࠢ࠻ࡦࠍ
ਈ߃ࠆ㩿ࠬࠠ࡯ࡓ㩷 㪏㪀㧚㩷
ࠫࡔ࠴࡞ࠫࠝࠠࠪ࡜ࡦ㩿㪛㪤㪛㪦㪀㪈㪍㪄㪈㪏㪀ߪਛᕈ᧦ઙ
ਅ㧘㕖ࡊࡠ࠻ࡦᕈߩṁᇦਛߢࠕ࡞ࠤࡦߩࠛࡐࠠࠪ
ൻࠍⴕ߁ߎߣ߇ߢ߈ࠆߎߣ߆ࠄ㧘⪺⠪ࠄߪ࿑㪋ߦ
␜ߒߚਇ቟ቯߥࠛࡐࠠࠪ♧࠿ࠢ࡟ࠝࠪ࠼ࠍ೑↪
ߔࠆಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩวᚑᴺࠍ㐿⊒ߔࠆ਄
ߢㆡߒߚ㉄ൻ೷ߢ޽ࠆߣ⠨߃ߚ㧚㪛㪤㪛㪦ߪࠕ࠮࠻
ࡦߩࡍ࡞ࠝࠠ࠰৻⎫㉄ࠞ࡝࠙ࡓ㩿㪦㫏㫆㫅㪼㪀ߦࠃࠆ㉄
ൻߦࠃࠅࠕ࠮࠻ࡦṁᶧߣߒߡ⺞⵾ߔࠆߎߣ߇ߢ
߈ࠆ㩿ࠬࠠ࡯ࡓ㩷 㪐㪀㪈㪐㪄㪉㪈㪀㧚⪺⠪ࠄߪ㧘㪛㪤㪛㪦 ࠍ↪޿
ࠆߎߣߦࠃࠅࠬࠠ࡯ࡓ㩷 㪈㪇ߦ␜ߒߚ㪈’㧘㪉’㪄߅ࠃ߮㪋’㧘
㪌’㪄ਇ㘻๺♧࠿ࠢ࡟ࠝࠪ࠼ࠍኻᔕߔࠆࠛࡐࠠࠪ♧
࠿ࠢ࡟ࠝࠪ࠼߳ല₸ࠃߊᄌ឵ߔࠆߎߣ߇ߢ߈ࠆ
ߎߣࠍ⷗಴ߒߚ㧚↢ᚑߒߚࠛࡐࠠࠪ♧࠿ࠢ࡟ࠝࠪ
࠼ߣ὇⚛᳞ᩭ೷ߣߩ෻ᔕࠍ⺞ߴߚߣߎࠈ㧘㪈’㧘㪉’㪄
ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߣ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ⹜೷
ߣߩ෻ᔕߦ߅޿ߡߪ㧘̍ 㫊㫐㫅㪄㪸㪻㪻㫌㪺㫋̍ᚑ❣૕ࠍ┙૕
ㆬᛯ⊛ߦਈ߃ߚ㧚߹ߚ㧘㪋’㧘㪌’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝ
ࠪ࠼ߣ᦭ᯏࠪ࡝ࠦࡦ⹜೷ߣߩ෻ᔕߢߪ㧘㪋’ǩ஥ߢ
ߩ┙૕ㆬᛯ⊛ߥ὇⚛㺍὇⚛⚿วߩ᭴▽߇น⢻ߣߥ
ߞߚ㧚ᧄ✚⺑ߢߪ㧘ࠛࡐࠠࠪ♧࠿ࠢ࡟ࠝࠪ࠼ࠍ೑
↪ߔࠆ㪈’㪄޽ࠆ޿ߪ㪋’㪄ಽጘ♧࠿ࠢ࡟ࠝࠪ࠼ߩ┙૕
ㆬᛯ⊛ߥวᚑߦߟ޿ߡ․ߦ෻ᔕᯏ᭴ࠍਛᔃߦ᭎
⺑ߔࠆ㧚㪊’㧘㪋’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩൻቇߪ⚕
㕙ߩㇺว਄ㅀߴߥ޿ߩߢ⺰ᢥࠍෳᾖߐࠇߚ޿㪉㪉㪀㧚㩷
O
PgO
OPgO
O
PgO
OPgO
O
H
H
O
PgO
OHPgO
O
H
O
PgO
OHPgO
O
NH
N
O
O
NH
N
O
ONH
N
H
O
O
NHN
O
O
20 21
22
ࠬࠠ࡯ࡓ㧤 㪈’㧘㪉’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩൻቇ⊛․ᕈ
㩷
C
H3C CH3
O
H O O S
O
O
O
potassium peroxomonosulfate
 (Oxone)
CH3H3C
O
HO
O
S
O
O
O
CH3H3C
O
O
O
S
O
O
OH
O
S
O
O
OH
O O
CH3H3C
dimethyldioxirane
(DMDO)
K+
K+
K+
K+
ࠬࠠ࡯ࡓ㧥 㪛㪤㪛㪦ߩ⺞⵾㩷
㩷
Pg
NH
N
OO
PgO
O
O
1',2'-epoxynucleoside
O
PgO N
N
N
N
N
OPgO
4',5'-epoxynucleoside
Me
O
PgO N
N
N
N
N
OHPgO
NH
N
O
PgO
O
O
R
Me
Me
syn-opened adduct
HO
Me3Al
H
H Pg
RSiMe3
SnCl4
NH
N
O
HO O
C
C
H
O
Festivavir
Me
NH
N
O
PgO
O
O
O
PgO
PgO
Me
DMDO
DMDO
1',2'-unsaturated nucleoside
4',5'-unsaturated nucleoside
Pg
N N
N
N
N
H
Pg = protecting group
ࠬࠠ࡯ࡓ㪈㪇 ਇ㘻๺♧࠿ࠢ࡟ࠝࠪ࠼ߩࠛࡐࠠࠪൻߣࠛࡐ
ࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩⅣ㐿ⵚ෻ᔕ㩷
㩷
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㩷
ࠬࠠ࡯ࡓ㪈㪈 㪈’㧘㪉’㪄ਇ㘻๺࠙࡝ࠫࡦ㪉㪊߅ࠃ߮㪉㪍ߩࠛࡐࠠࠪൻ㧦㪤㪼㪘㫃ߦࠃࠆ㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕ߩⅣ㐿ⵚ෻ᔕ㩷
㩷
㩷
߹ߚ㧘ߎߩ⎇ⓥߩㆊ⒟ߢ㧘᦭ᦸߥ᛫ 㪟㪠㪭ᵴᕈࠍ␜
ߔ㪋’㪄ࠛ࠴࠾࡞㪄㪻㪋㪫㧘ߔߥࠊߜ 㪝㪼㫊㫋㫀㫅㪸㫍㫀㫉ࠍ⷗಴ߔ
ߎߣ߇ߢ߈ߚ㧚㩷
㩷
㧟㧚㪈’㧘㪉’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩ 㫊㫐㫅㪄ㆬᛯ⊛ߥ
Ⅳ㐿ⵚ㧦㪈’૏ߦ὇⚛㎮ߩಽጘߒߚ࡝ࡏ࠿ࠢ࡟
ࠝࠪ࠼ߩǪ㪄ࠕࡁࡑ࡯ߩ┙૕ㆬᛯ⊛ߥวᚑ㪉㪊㪀㩷
㪫㪙㪛㪤㪪 ၮߢ଻⼔ߐࠇߚ㪈’㧘㪉’㪄ਇ㘻๺࠙࡝ࠫࡦ
㩿․‥㪀ࠍႮൻࡔ࠴࡟ࡦਛ㧘㪄㪊㪇㩷͠ߢ 㪛㪤㪛㪦ߣ෻ᔕߐ
ߖߚߣߎࠈ㧘ㅦ߿߆ߦේᢱߪᶖᄬߒߚ㩿ࠬࠠ࡯ࡓ
㪈㪈㪀㧚↢ᚑߒߚࠛࡐࠠࠪ࠼ߪਇ቟ቯߢ޽ߞߚߚ߼㧘
㪈㧴㩷 㪥㪤㪩 ߦࠃߞߡߘߩ᭴ㅧࠍ⏕⹺ߔࠆߎߣ߇ߢ
߈ߥ߆ߞߚ㧚ߘߎߢ෻ᔕᶧࠍ 㪤㪼㪊㪘㫃ߢಣℂߒߚ⚿
ᨐ㧘㪈’㪄㧯㪄ࡔ࠴࡞࠙࡜ࠪ࡞࠿ࠢ࡟ࠝࠪ࠼㩿․‧ₑ㪀߇
න৻ߩ↢ᚑ‛ߣߒߡᓧࠄࠇߚ㧚ൻว‛․‧ₑߩൻቇ
᭴ㅧߪ 㪥㪦㪜 ታ㛎ߦ߅޿ߡ㧴㪄㪍㪆㧴㪄㪋’㧘㪚㪟㪊㪄㪈’㪆㧴
㪄㪊’߅ࠃ߮㧴㪄㪉’㪆㧴㪄㪋’ߩ㑆ߦ⋧㑐߇⹺߼ࠄࠇߚߎ
ߣߦࠃࠅ㧘ࠕ࡜ࡆࡁࡈ࡜ࡁࠪ࡞૕ߣ᳿ቯߒߚ㧚ൻ
ว‛․‧ₑߩ㪉’૏ߩ᳓㉄ၮߩ┙૕㈩⟎ߦၮߠ߈㧘․‥
ߩࠛࡐࠠࠪൻߢߪ㪈’㧘㪉’㪄̌㫌㫇̍㪄ࠛࡐࠠࠪ࠼㩿․…㪀
߇ㆬᛯ⊛ߦ↢ᚑߒߡ޿ࠆߎߣ߇್ߞߚ㧚ߎߩ
㪛㪤㪛㪦ߦࠃࠆࠛࡐࠠࠪൻߣ㪤㪼㪊㪘㫃ߦࠃࠆⅣ㐿ⵚ෻
ᔕࠍ㪈㧘㪈㧘㪊㧘㪊㪄㩿࠹࠻࡜ࠗ࠰ࡊࡠࡇ࡞ࠫࠪࡠࠠࠨ
ࡦ㪄㪈㧘㪊㪄ࠫࠗ࡞㪀㩿㪫㪠㪧㪛㪪㪀ၮߢ଻⼔ߐࠇߚ․ ߦኻߒ
ߡⴕߞߚߣߎࠈ㧘․ ₑ߇ਥᚑ❣૕ߣߒߡᓧࠄࠇߚ㧚
ߎߩ⚿ᨐߪ․‥߿․ ߩࠛࡐࠠࠪൻ߇ࠛࡁ࡯࡞ࠛ࡯
࠹࡞ߩǩ㕙ߢఝవ⊛ߦㅴⴕߒߡ޿ࠆߎߣࠍ␜ߒ
ߡ޿ࠆ㧚㩷
৻ᣇ㧘ࠫ 㨠ࡉ࠴࡞ࠪ࡝࡟ࡦ㩿㪛㪫㪙㪪㪀ၮߢ଻⼔ߐ
ࠇߚ․‪ߩ㉄ൻ෻ᔕߦࠃࠅᓧࠄࠇߚࠛࡐࠠࠪ࠼ߪ㩷
㪈㧴㩷 㪥㪤㪩ߦࠃࠆ᭴ㅧ᳿ቯ߇น⢻ߢ޽ࠅ㧘㪥㪦㪜ታ㛎
߆ࠄ㪈’㧘㪉’㪄̌ 㪻㫆㫎㫅 㪄̍ࠛࡐࠠࠪ࠼㩿․‫㪀ߣ᳿ቯߒߚ㩿ࠬ
ࠠ࡯ࡓ㪈㪉㪀㧚ࠛ ࡐࠠࠪ࠼․‫ߣ 㪤㪼㪊㪘㫃ߣߩ෻ᔕࠍⴕߞ
ߚߣߎࠈ㧘⋡⊛‛ߢ޽ࠆ 㫊㫐㫅㪄㪸㪻㪻㫌㪺㫋㩿‥•ₒ㪀ߣߘߩ
ࠛࡇࡑ࡯ߢ޽ࠆ 㪸㫅㫋㫀㪄㪸㪻㪻㫌㪺㫋㩿‥•ₑ㪀߇⇣ᕈ૕Ყ㪌㧦㪈
ߢ㪏㪍㧑ߩ෼₸ߢᓧࠄࠇߚ㧚ൻว‛․‪ߩಽሶᮨဳ߅
ࠃ߮㧶㪊’㧘㪋’୯㩿㪈㪈㪅㪇㩷㪟㫑㪀ߦၮߠ߈♧ㇱಽߩ㪉’૏ߣ㪊’૏
ߩ⚿วゲߦᴪߞߡ⷗ߚ࠾ࡘ࡯ࡑࡦߩᛩᓇᑼࠍ࿑㪌ߦ㩷
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OO
O
28
Si NH
N
O
O
OO
O
30E
Si
NH
N O
O
 DMDO
Me
OH
OO
O
29
Si
NH
N O
O
O
OO
O
30D
Si NHN
O
OH
Me O
Me3Al
86%
(1 : 5)
ࠬࠠ࡯ࡓ㪈㪉 㪈’㧘㪉’㪄ਇ㘻๺࠙࡝ࠫࡦ㪉㪏ߩࠛࡐࠠࠪൻ㧦
㪤㪼㪊㪘㫃ߦࠃࠆ㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪉㪐ߩⅣ㐿ⵚ෻ᔕ
㩷
O
H
H O
H
O
E-face attack, eclipsing interactions
disfavoured
D-face attack, staggered interactions
favoured
O O
MeMe
OO
Me Me
U
U = uracil-1-yl
࿑㧡 㪛㪤㪛㪦 ߦࠃࠆ㪉㪏ߩࠛࡐࠠࠪൻߦ߅ߌࠆǩ㪄㕙ㆬᛯ
೙ᕈߩ⺑᣿㩷
㩷
OO
O
31E: R = Et
32E: R = i-Bu
33E: R = C{CH
34E: R = C=CH2
35E: R = Ph
Si
NH
N O
O
R3Al
R
OH
OO
O
Si NHN
OOH
R O
OO
O
29
Si
NH
N O
O
O
31D: R = Et
32D: R = i-Bu
33D: R = C{CH
34D: R = C=CH2
ࠬࠠ࡯ࡓ㪈㪊 㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪉㪐ߣ᦭ᯏࠕ࡞ࡒ࠾࠙
ࡓ⹜೷ߣߩ෻ᔕ㩷
㩷
␜ߒߚ㧚ߎߩᛩᓇᑼ߆ࠄ᣿ࠄ߆ߥࠃ߁ߦ㧘․‪ߩ㪊’
૏ߩ᳓⚛ේሶ߇ࠪࡘ࡯࠼ࠕࠠࠪࡖ࡞૏ࠍභ߼ߡ
޿ࠆ㧚㪛㪤㪛㪦߇ࠛࡁ࡯࡞ࠛ࡯࠹࡞ߩǪ㕙߆ࠄធㄭ
ߒߚ႐ว㧘㪊’૏ߩ᳓⚛ේሶߣߩ┙૕෻⊒߇↢ߓࠆ
ߚ߼㧘ࠛ ࡐࠠࠪൻߪǩ㕙ߢㆬᛯ⊛ߦㅴⴕߒ․‫ߩߺ
߇ᓧࠄࠇߚߣ⃻࿷⠨߃ߡ޿ࠆ㧚৻ᣇ㧘㪫㪙㪛㪤㪪 ૕
․‥߅ࠃ߮ 㪫㪠㪧㪛㪪 ૕․ ߩ႐ว㧘ߘߩ㧶㪊’㧘㪋’୯㩿․‥㧧
㪉㪅㪍㪟㫑㧘․ 㧧㪋㪅㪋㪟㫑㪀߆ࠄ㪊’૏ߩ᳓⚛ේሶ߇ࠪࡘ࡯࠼
ࠛࠢࠕ࠻࡝ࠕ࡞૏ࠍභ߼ߡ޿ࠆߎߣ߇ផ᷹ߐࠇ
ߚ㧚ߒߚ߇ߞߡ㧘․‥ߣ․ ߩࠛࡐࠠࠪൻߢߪ㧘㪊’૏
ߩࠪ࡝࡞ࠝࠠࠪၮߩ┙૕㓚ኂ߇ఝ૏ߣߥࠅ㧘㪈’㧘
㪉’㪄̌㫌㫇̍㪄ࠛࡐࠠࠪ࠼㩿․…㪀߇ㆬᛯ⊛ߦ↢ᚑߒߚߣ
⠨߃ߡ޿ࠆ㧚㩷
ߟ߉ߦ㧘ࠛ ࡐࠠࠪ࠼․‫ߣઁߩࠕ࡞ࡒ࠾࠙ࡓ⹜೷
ߣߩ෻ᔕࠍⴕ޿㩿ࠬࠠ࡯ࡓ㪈㪊㪀㧘ߘߩ⚿ᨐࠍ⴫㪈ߦ␜
ߒߚ㩿ࠛࡦ࠻࡝࡯㪈ߦ 㪤㪼㪊㪘㫃 ߣߩ෻ᔕߩ⚿ᨐࠍ␜ߒ
ߚ㪀㧚ࠛࡦ࠻࡝࡯㪊ߦ␜ߒߚ࠻࡝ࠗ࠰ࡉ࠴࡞ࠕ࡞ࡒ
࠾࠙ࡓߣߩ෻ᔕߢߪࡅ࠼࡝࠼ㆶర߇ㅴⴕߒߚߚ
߼㧘㪈’㪄㧯㪄ࠗ࠰ࡉ࠴࡞૕㩿‥․㪀ߩන㔌෼₸ߩૐਅ߇
⹺߼ࠄࠇߚ߇㧘ࠛ ࠴࡞૕㩿‥‣㪀㧘ࠛ࠴࠾࡞ൻ㩿‥‥㪀㧘ࡆ
࠾࡞૕㩿‥…㪀߅ࠃ߮ࡈࠚ࠾࡞૕㩿‥‧㪀ߪਛ⒟ᐲ߆ࠄ⦟
ᅢߥ෼₸ߢᓧࠄࠇߚ㧚߹ߚ㧘⴫㪈ߩǪ㪄ࠕࡁࡑ࡯ߣ
ǩ㪄ࠕࡁࡑ࡯ߩ↢ᚑᲧࠍ⷗ߡ್ࠆࠃ߁ߦ㧘⋡⊛‛
ߢ޽ࠆǪ㪄ࠕࡁࡑ࡯ࠍਥ↢ᚑ‛ߣߒߡᓧࠆߎߣ߇
ߢ߈ߚ߇㧘㪧㪿㪊㪘㫃ߣߩ෻ᔕએᄖߪᏱߦ 㪸̍㫅㫋㫀㪄㪸㪻㪻㫌㪺㫋̍
ߢ޽ࠆǩ㪄࠿ࠢ࡟ࠝࠪ࠼ߩ೽↢߇⹺߼ࠄࠇߚ㧚ߎ
ߩ⚿ᨐࠍ⺑᣿ߔࠆߚ߼ߩផቯ෻ᔕᯏ᭴ࠍࠬࠠ࡯
ࡓ㪈㪋ߦ␜ߒߚ㧚ࠛ ࡐࠠࠪ࠼․‫ߪ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ
⹜೷ߣ෻ᔕߒࠕ࡞ࡒࡀ࡯࠻≹ߣߥࠅ㧘ᒁ߈⛯߈≹
ߩࠞ࡞ࡏ࠾࡞㉄⚛ේሶߣࠛࡐࠠࠪⅣߩ㉄⚛ේሶ
߳ߩࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߩ㈩૏ߦࠃࠅਛ㑆૕ ⁈※ ߳
ᄌ឵ߐࠇ㧘ࠝࠠ࠰࠾࠙ࡓࠗࠝࡦ ⁈※※ ߣߩᐔⴧ⁁ᘒ
ߣߥࠆ㧚ࠝࠠ࠰࠾࠙ࡓࠗࠝࡦ ⁈※※ ߩ㪉’㪄㧻㪄ࠕ࡞ࡒ
ࡀ࡯࠻߆ࠄߩ࡝ࠟࡦ࠼࠻࡜ࡦࠬࡈࠔ࡯㧘හߜ 㫇̍㪸㫋㪿㩷
㨍̍ߦᓥߞߡ᳞ᩭઃട߇ㅴⴕߔࠆߣǪ㪄ࠕࡁࡑ࡯
߇↢ᚑߒ㧘̍㫇㪸㫋㪿㩷㨎 ̍ߦ␜ߒߚ᡹᠄߇⿠ߎࠆ႐ว㧘
ࠣ࡝ࠦࠪ࡞⚿ว๟ࠅߩࠦࡦࡈࠜࡔ࡯࡚ࠪࡦߦଐ
ሽߒ㧘Ǫ㪄࠿ࠢ࡟ࠝࠪ࠼ߣǩ㪄࠿ࠢ࡟ࠝࠪ࠼߇↢ᚑ
ߔࠆߣ⠨߃ࠄࠇࠆ㧚⴫㪈ߩࠛࡦ࠻࡝࡯㪍ߦ␜ߒߚ
㪧㪿㪊㪘㫃ߣߩ෻ᔕߢߪ㧘ߘߩ፾㜞ߐߩߚ߼㪉૏ߩࠞ࡞
ࡏ࠾࡞㉄⚛ේሶ߳ߩ㈩૏߇⿠ߎࠄߥ޿ߚ߼ߦ㧘Ǫ㩷
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⴫㧝 㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪉㪐ߣ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ⹜೷
ߣߩ෻ᔕ㩷
entry          R3Al (equiv)            products     isolated yield (%)      ratio of E/D
   1              Me3Al (3)               30E/30D               86                        5/1
2              Et3Al (3)                 31E/31D              90                        4/1
3              i-Bu3Al (6)              32E/32D              35                        9/1
4              (HC{C)3Al (6)        33E/33D              64                        4/1
5              (H2C=CH)3Al (6)    34E/34D              90                      32/1
6              Ph3Al (6)                35E                     55                         
㩷
OO
O
Si
N
N O
O
O
AlR2
OO
O
Si
N
N O
O
O
AlR2
2 R3Al
AlR3
AlR3
V VI
㩷
㩷
OO
O
Si
N
N O
AlR2
O
AlR
R R
O
Al R
R
R
path a
path b
30E35E
VII
a
b
30E35E and 30D34D
ࠬࠠ࡯ࡓ㪈㪋 㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪉㪐ߣ᦭ᯏࠕ࡞ࡒ࠾࠙
ࡓ⹜೷ߣߩ෻ᔕߩផቯᯏ᭴㩷
㩷
㩷
36: Pg = CH2OCH2Ph (BOM)
37: Pg = Bz
OO
O
38: Pg = BOM, R = Me (93%)
39: Pg = BOM, R = Et (75%)
40: Pg = BOM, R =  i-Bu (39%)
41: Pg = Bz, R = C{CH (53%)
42: Pg = Bz, R = CH=CH2 (75%)
43: Pg = Bz, R = N3 (52%)
Si
N
N O
O
 R3Al
R
OH
Pg
OO
O
Si
N
N O
O
O
Pg
ࠬࠠ࡯ࡓ㪈㪌 㧺㪊૏ࠍ଻⼔ߒߚ㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪊㪍
޽ࠆ޿ߪ㪊㪎ߣ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߣߩ෻ᔕ㩷
㪄࠿ࠢ࡟ࠝࠪ࠼ߩߺ߇ᓧࠄࠇߚߣ⠨߃ߡ޿ࠆ㧚એ
਄ߩ⠨ኤߦၮߠߊߣ㧘㧺㪊૏ߦ፾㜞޿଻⼔ၮࠍዉ౉
ߔࠆߎߣߦࠃࠅ㪉૏ߩࠞ࡞ࡏ࠾࡞㉄⚛ේሶ߳ߩ㈩
૏߇㒖ኂߐࠇ㧘̍ 㫊㫐㫅㪄㪸㪻㪻㫌㪺㫋̍ߢ޽ࠆǪ㪄࠿ࠢ࡟ࠝ
ࠪ࠼ߩߺ߇ᓧࠄࠇࠆߣផኤߒߚ㧚ߎߩ⠨ኤࠍᬌ⸽
ߔࠆߚ߼ߦ㧘࠙ ࡜ࠪ࡞ㇱ㧺㪊૏ࠍࡌࡦࠫ࡞ࠝࠠࠪࡔ
࠴࡞㩿㪙㪦㪤㪀ၮ޽ࠆ޿ߪࡌࡦ࠱ࠗ࡞㩿㪙㫑㪀ၮߢ଻⼔ߒ
ߚ‥ ߅ࠃ߮‥ ߣࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߣߩ෻ᔕࠍⴕ
ߞߚ㩿ࠬࠠ࡯ࡓ㪈㪌㪀㧚ߘߩ⚿ᨐ㧘㪈’㪄㧯㪄ࡔ࠴࡞૕㩿‥‪㪀
ࠍන৻ߩ┙૕⇣ᕈ૕ߣߒߡ㪐㪊㧑ߩ෼₸ߢᓧࠆߎ
ߣ߇ߢ߈ߚ㧚ߎߩ 㫊㫐㫅㪄ㆬᛯ⊛ߥⅣ㐿ⵚ෻ᔕߪ 㪜㫋㪊㪘㫃㧘
㨕㪄㪙㫌㪊㪘㫃 ߣߩ෻ᔕߢ߽⹺߼ࠄࠇ㧘ࠛ࠴࡞૕㩿‥‫㪀߅
ࠃ߮ࠗ࠰ࡉ࠴࡞૕㩿…•㪀ࠍ㪎㪌㧑߅ࠃ߮㪊㪐㧑ߩ෼₸ߢ
ᓧࠆߎߣ߇ߢ߈ߚ㧚ࠗ࠰ࡉ࠴࡞૕…•ߩวᚑߢߪ㧘
ࡅ࠼࡝࠼ㆶరߦࠃࠆ↢ᚑ‛߇೽↢ߒ㧘෼₸߇ૐ޿
୯ߣߥߞߚ㧚ൻว‛‥‪㪄…•ߩ㧺㪊૏ߩ 㪙㪦㪤 ၮߪធ
⸅ㆶరߦࠃࠅኈᤃߦ⣕଻⼔ߔࠆߎߣ߇ߢ߈ߚ㧚৻
ᣇ㧘㪈’૏ߦዉ౉ߐࠇߚ⟎឵ၮ߇ធ⸅ㆶరߦኻߒߡ
෻ᔕᕈࠍ␜ߔ႐วߦߪ㧘㧺㪊㪄㪙㫑૕‥ ࠍၮ⾰ߣߒߡ
↪޿ߚ㧚ࠛ ࡐࠠࠪ࠼‥ ߣࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߣߩ෻
ᔕ߽ 㫊㫐㫅㪄ㆬᛯ⊛ߦㅴⴕߒࠛ࠴࠾࡞૕㩿…‣㪀㧘ࡆ࠾࡞
૕㩿…․㪀߅ࠃ߮ࠕࠫ࠼૕㩿…‥㪀ࠍන৻ߩ┙૕⇣ᕈ૕ߣ
ߒߡߘࠇߙࠇ㪌㪊㧑㧘㪎㪌㧑߅ࠃ߮㪌㪉㧑ߩ෼₸ߢᓧࠆ
ߎߣ߇ߢ߈ߚ㧚ൻว‛…‣㪄…‥ߪࡔ࠲ࡁ࡯࡞ᕈࠕࡦ
ࡕ࠾ࠕߢಣℂߔࠆߎߣߦࠃࠅ㧘ኻᔕߔࠆ⣕ࡌࡦ࠱
ࠗ࡞૕߳ቯ㊂⊛ߦᄌ឵ߔࠆߎߣ߇ߢ߈ߚ㧚㩷
ᦨᓟߦ㧘㪈’㪄ಽጘ♧ࠕ࠺ࡁࠪࡦߩวᚑࠍᬌ⸛ߒߚ
㩿ࠬࠠ࡯ࡓ㪈㪍㪀㧚㪈’㧘㪉’㪄̌㪻㫆㫎㫅̍㪄ࠛࡐࠠࠪ࠼……ߣ
㪤㪼㪊㪘㫃 ߣߩ෻ᔕࠍⴕߞߚߣߎࠈ㧘㪈’㪄㧯㪄ࡔ࠴࡞ࠕ
࠺ࡁࠪࡦ㩿…‧㪀ࠍ㪏㪇㧑ߩ෼₸ߢᓧߚ㧚ห᭽ߦ㧘ࠛ࠴
࡞૕㩿… 㪀㧘ࠗ࠰ࡉ࠴࡞૕㩿… 㪀㧘ࠛ࠴࠾࡞૕㩿…‪㪀߅ࠃ
߮ࡆ࠾࡞૕㩿…‫㪀ࠍන৻ߩ⇣ᕈ૕ߣߒߡᓧࠆߎߣ߇
ߢ߈ߚ㧚࠻࡝ࠗ࠰ࡉ࠴࡞ࠕ࡞ࡒ࠾࠙ࡓߣߩ෻ᔕߢ
ߪ㧘ㆶర૕ߩ೽↢߇⹺߼ࠄࠇ㧘… ߩන㔌෼₸ߪ
㪊㪎㧑ߣߥߞߚ㧚ࡆ࠾࡞૕…‫ߪࠝࠬࡒ࠙ࡓ㉄ൻ߅ࠃ
߮ࡅ࠼࡝࠼ㆶరࠍ⚻ߡ㧘ࠕࡦࠣࠬ࠻ࡑࠗࠪࡦ㧯ߩ
଻⼔૕‧•߳ᄌ឵ߒߚ㧚ߎࠇߪ㧘ࠕ࠺ࡁࠪࡦ߆ࠄࠕ
ࡦࠣࠬ࠻ࡑࠗࠪࡦ㧯ࠍวᚑߒߚᦨೋߩ଀ߣߥߞ
ߚ㧚એ਄ߩࠃ߁ߦ㧘㪈’㧘㪉’㪄ਇ㘻๺♧࠿ࠢ࡟ࠝࠪ࠼
ߩ㕙ㆬᛯ⊛ߥࠛࡐࠠࠪൻߦࠃࠅᓧࠄࠇࠆ㪈’㧘㪉’㪄
̌㪻㫆㫎㫅 㪄̍ࠛࡐࠠࠪ࠼ߩ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߦࠃ
ࠆ 㫊㫐㫅㪄ㆬᛯ⊛ߥⅣ㐿ⵚ෻ᔕߦࠃࠅ㧘㪈’㪄ಽጘ♧᭴ㅧ
ࠍ᦭ߔࠆࡇ࡝ࡒࠫࡦ߅ࠃ߮ࡊ࡝ࡦ࡝ࡏ࠿ࠢ࡟ࠝ
ࠪ࠼ߩ┙૕ㆬᛯ⊛ߥวᚑᴺࠍ㐿⊒ߔࠆߎߣ߇ߢ
߈ߚ㧚㩷
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㩷
OO
O
Si
R
OH
C
N
N
N
N
N
H
O
CMe3
45: R = Me (80%)
46: R = Et (59%)
47: R = i-Bu (37%)
48: R = C{CH (39%)
49: R = CH=CH2 (68%)
1) OsO4/NaIO4
2) NaBH4
3) Ac2O
OO
O
Si
CH2OAc
OAc
C
N
N
N
N
N
H
O
CMe3
44
50
OO
O
Si
O
C
N
N
N
N
N
H
O
CMe3
 R3Al
49
ࠬࠠ࡯ࡓ㪈㪍 㪈’㧘㪉’㪄ࠛࡐࠠࠪ⺃ዉ૕㪋㪋ߣ᦭ᯏࠕ࡞ࡒ࠾࠙
ࡓ⹜೷ߣߩ෻ᔕ߅ࠃ߮ 㪸㫅㪾㫌㫊㫋㫄㫐㪺㫀㫅㩷㪚ߩวᚑ㩷
㩷
NH
N
O
HO
TBDMSO
O
O
Me
H2C=HCH2C
51
NH
N
OO
TBDMSO
O
O
Me
NH
N
O
TBDMSO
O
O
Me
DMDO
CH2Cl2, 30 °C
1) Me3SiCH2CH=CH2
    SnCl4
2) NH3/MeOH
52
53 (80%)
ࠬࠠ࡯ࡓ㪈㪎 㪋’㧘㪌’㪄ਇ㘻๺࠴ࡒࠫࡦ㪌㪈ߩࠛࡐࠠࠪൻߣ
㪤㪼㪊㪪㫀㪚㪟㪉㪚㪟㪔㪚㪟㪉ߦࠃࠆ㪋’㧘㪌’㪄ࠛࡐࠠࠪ⺃ዉ૕㪌㪉ߩ
Ⅳ㐿ⵚ෻ᔕ㩷
㩷
NH
N
O
HO
TBDMSO
O
O
H2C=HCH2C
54
NH
N
OO
TBDMSO
O
O
NH
N
O
TBDMSO
O
O
DMDO
CH2Cl2, 30 °C
1) Me3SiCH2CH=CH2
    SnCl4
2) NH3/MeOH
55
56 (90%)
OTBDMS
OTBDMS
OTBDMS
ࠬࠠ࡯ࡓ㪈㪏 㪋’㧘㪌’㪄ਇ㘻๺࠙࡝ࠫࡦ㪌㪋ߩࠛࡐࠠࠪൻߣ
㪤㪼㪊㪪㫀㪚㪟㪉㪚㪟㪔㪚㪟㪉ߦࠃࠆ㪋’㧘㪌’㪄ࠛࡐࠠࠪ⺃ዉ૕㪌㪌ߩ
Ⅳ㐿ⵚ෻ᔕ㩷
㪋㧚㩷㪋’㪃㪌’㪄ࠛࡐࠠࠪ࠿ࠢ࡟ࠝࠪ࠼ߩⅣ㐿ⵚ෻ᔕࠍ
ၮ⋚ߣߔࠆ㪋’૏ߦ὇⚛㎮ߩಽጘߒߚ࠿ࠢ࡟ࠝ
ࠪ࠼ߩ┙૕ㆬᛯ⊛ߥวᚑ㪉㪋㪄㪉㪏㪀㩷
࠴ࡒࠫࡦ߆ࠄਃᎿ⒟ߢᓧࠄࠇࠆ㪋’㧘㪌’㪄ਇ㘻๺࠴
ࡒࠫࡦ㩿‧‣㪀ࠍ 㪛㪤㪛㪦㉄ൻߦઃߒߚߣߎࠈ㧘㪋’㧘㪌’㪄
ࠛࡐࠠࠪ࠴ࡒࠫࡦ㩿‧․㪀߇න৻ߩ┙૕⇣ᕈ૕ߣߒߡ
ᓧࠄࠇߚ㩿ࠬࠠ࡯ࡓ㪈㪎㪀㧚ᒁ߈⛯߈㧘‧․ࠍ྾Ⴎൻࠬ
࠭ߩሽ࿷ਅ㧘ࠕ࡝࡞࠻࡝ࡔ࠴࡞ࠪ࡜ࡦߣ෻ᔕߐߖ
ߚᓟ㧘෻ᔕᷙว‛ࠍࡔ࠲ࡁ࡯࡞ᕈࠕࡦࡕ࠾ࠕߢಣ
ℂߒߚߣߎࠈ㪋’㪄ǩ㪄ࠕ࡝࡞࠴ࡒࠫࡦ㩿‧‥㪀ߩߺ߇
㪏㪇㧑ߩ෼₸ߢᓧࠄࠇߚ㧚ᰴߦ㧘㪋’㧘㪌’㪄ਇ㘻๺࠙࡝
ࠫࡦ㩿‧…㪀ߩࠛࡐࠠࠪൻߦࠃࠅන৻ߩ┙૕⇣ᕈ૕ߣ
ߒߡᓧࠄࠇࠆ‧‧ࠍవߣห᭽ߩ෻ᔕ᧦ઙਅ㧘ࠕ࡝࡞
ൻ෻ᔕߦઃߒߚߣߎࠈ㧘㪋’㪄ǩ㪄ࠕ࡝࡞࠙࡝ࠫࡦ
㩿‧ 㪀ߩߺ߇㪐㪇㧑ߣ޿߁⦟ᅢߥ෼₸ߢᓧࠄࠇߚ㩿ࠬ
ࠠ࡯ࡓ㪈㪏㪀㧚ߎߩ෻ᔕߪࡊ࡝ࡦ࠿ࠢ࡟ࠝࠪ࠼߽߳ㆡ
↪น⢻ߢ޽ࠅ㧘‧ ߆ࠄ㪋’㪄ǩ㪄ࠕ࡝࡞ࠕ࠺ࡁࠪࡦ
㩿‧‪㪀ࠍන৻ߩ┙૕⇣ᕈ૕ߣߒߡ㪌㪉㧑ߩ෼₸ߢᓧࠆ
ߎߣ߇ߢ߈ߚ㩿ࠬࠠ࡯ࡓ㪈㪐㪀㧚㩷
ߎߩ┙૕ㆬᛯ⊛ߥࠕ࡝࡞ൻ෻ᔕߩᯏ᭴ࠍផቯ
ߔࠆ⋡⊛ߢ㧘‧‧ߩࠕ࡝࡞ൻࠍ⹦⚦ߦ⺞ߴߚ㧚ࠛࡐ
ࠠࠪ࠼‧‧ࠍႮൻࡔ࠴࡟ࡦਛ㧘྾Ⴎൻࠬ࠭ߣ෻ᔕߐ
ߖߚߣߎࠈ㪋’㪄ࠢࡠࡠ૕‧‫ߣ •߇ᓧࠄࠇߚ㧚ࠢࡠ
ࡠ૕‧‫ߣ •ࠍߘࠇߙࠇ྾Ⴎൻࠬ࠭ߢಣℂߒߚߣ
ߎࠈ㧘⇣ᕈൻ߇⿠ߎࠅ‧‫ߣ •ߩᷙว‛߇ᓧࠄࠇߚ㧚
ᰴߦ㧘㪋’㪄Ǫ㪄ࠢࡠࡠ૕‧‫ߩႮൻࡔ࠴࡟ࡦṁᶧߦࠕ
࡝࡞࠻࡝ࡔ࠴࡞ࠪ࡜ࡦࠍട߃ߚߣߎࠈࠕ࡝࡞ൻ
෻ᔕߪㅴⴕߒߥ߆ߞߚ߇㧘྾Ⴎൻࠬ࠭ࠍᷝടߒߚ
ߣߎࠈ‧‫ߪㅦ߿߆ߦᶖᄬߒࠬࡇࡠ૕ …߇ࠫࠕࠬ
࠹࡟ࠝࡑ࡯ߩᷙว‛ߣߒߡᓧࠄࠇߚ㧚෻ᔕᶧਛߢ
ߪ …ߪᓢޘߦ㪋’㪄㧯㪄ࠕ࡝࡞૕‧ ߣߘߩ࠻࡝ࡔ࠴
࡞ࠪ࡝࡞૕  ߳ᄌ឵ߐࠇߚ㧚એ਄ߩታ㛎⚿ᨐ߆ࠄ㧘
ࠬࠠ࡯ࡓ㪉㪇ߦ␜ߒߚ෻ᔕᯏ᭴ߢࠕ࡝࡞ൻ߇ㅴⴕ
ߒߡ޿ࠆߣផቯߒߡ޿ࠆ㧚හߜ㧘ࠛࡐࠠࠪ࠼‧‧߆
ࠄᦨೋߦ↢ᚑߔࠆࠢࡠࡠ૕ ‣ߣ ․ߪ෻ᔕᶧਛߢ
ߪ㧘ࠝ ࠠ࠰࠾࠙ࡓࠗࠝࡦ ‥ࠍ⚻↱ߒߡᐔⴧ⁁ᘒߣ
ߒߡሽ࿷ߒߡ޿ࠆ㧚ࠕ࡝࡞࠻࡝ࡔ࠴࡞ࠪ࡜ࡦߣ㪋’㪄
ǩ㪄ࠢࡠࡠ૕ ․ߣߩ⟎឵෻ᔕߪ⣕㔌ၮߢ޽ࠆࠢࡠ
ࡠၮ߇ࠪࡘ࡯࠼ࠛࠢࠕ࠻࡝ࠕ࡞㈩⟎ߢ޽ࠆߚ߼
ㅦᐲ⺰⊛ߦਇ೑ߢ޽ࠆߣߣ߽ߦ㧘࠙࡜ࠪ࡞Ⴎၮㇱ
ಽߣߩ┙૕㓚ኂߩߚ߼ㅴⴕߒߦߊ޿ߣ⠨߃ࠄࠇࠆ㧚㩷
―23―
昭和大学薬学雑誌　第 2巻　第 1号　2011 年
O
OTBDMS
N
N
N
N
NH2
HO
TBDMSO
O
OTBDMS
C
N
N
N
N
N
H
O
CMe3
TBDMSO
1) DMDO
2) Me3SiCH2CH=CH2
    SnCl4
3) NH3/MeOH H2C=HCH2C
57 58 (52%)
㩷
ࠬࠠ࡯ࡓ㪈㪐 㪋’㧘㪌’㪄ਇ㘻๺ࠕ࠺ࡁࠪࡦ㪌㪎ߩࠛࡐࠠࠪൻߣ㪤㪼㪊㪪㫀㪚㪟㪉㪚㪟㪔㪚㪟㪉ߦࠃࠆ㪋’㧘㪌’㪄ࠛࡐࠠࠪ⺃ዉ૕㪌㪌ߩⅣ㐿ⵚ෻ᔕ㩷
㩷
㩷
OTBDMS
NH
N
O
Cl3SnO
TBDMSO
O
O
H2C=HCH2C
NH
N
OO
TBDMSO
O
O
55
65
OTBDMS
NH
N
O
TBDMSO
O
O
63
OCl4Sn
SnCl4SnCl4
OTBDMS
NH
N
O
OTBDMS
O
O
59: R = H
61: R = SnCl3
OTBDMS
Cl
RO
Cl4Sn
Me3Si
NH
N
O
OTBDMS
O
O
OTBDMS
Cl
RO
Cl4Sn
SiMe3
60: R = H
62: R = SnCl3
NH
N
O
O
TBDMSO
O
O
64
OTBDMS
Me3Si
Me3SiCl
SnCl4
H2O SnCl4
Me3SiCl
NH
N
O
HO
TBDMSO
O
O
H2C=HCH2C
OTBDMS
NH
N
O
TMSO
TBDMSO
O
O
H2C=HCH2C
OTBDMS
56
66
㩷
ࠬࠠ࡯ࡓ㪉㪇 㪤㪼㪊㪪㫀㪚㪟㪉㪚㪟㪔㪚㪟㪉ߦࠃࠆ㪋’㧘㪌’㪄ࠛࡐࠠࠪ⺃ዉ૕㪌㪌ߩⅣ㐿ⵚ෻ᔕߩផቯ෻ᔕᯏ᭴㩷
㩷
㩷
NH
N
O
Me
TBDMSO
O
O
Me
Me3Al
   
 CH2Cl2, 30 °C
68 (64%)
NH
N
O
HO
TBDMSO
O
O
Me
Me
67 (5%)
HO
NH
N
O
TBDMSO
O
O
Me
OAl
Me
Me
Me
NH
N
O
TBDMSO
O
O
Me
OAl
Me
Me
Me
VIII IX
NH
N
OO
TBDMSO
O
O
Me
52
㩷
ࠬࠠ࡯ࡓ㪉㪈 㪋’㧘㪌’㪄ࠛࡐࠠࠪ࠴ࡒࠫࡦ㪌㪉ߩ 㪤㪼㪊㪘㫃ߦࠃࠆⅣ㐿ⵚ෻ᔕ㩷
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NH
N
OC
O
O
O
Me
69
NH
N
O
O
O
O
Me
 DMDO
CH2Cl2, 30 °C
74 (31%)
NH
N
O
HO
O
O
O
Me
Me
71 (72%)
HO
TBDMS
70
NH
N
O
O
O
O
Me
TBDMS
O
 Me3Al
NH
N
O
O
O
O
Me
OAl
Me
Me
Me
TBDMS
 (H2C=CH)3Al
diastereomeric ratio
(1.4 : 1)
NH
N
O
HO
O
O
O
Me
H2C=HC
72 (27%)
 (HC{CH)3Al
NH
N
O
HO
O
O
O
Me
C
73 (57%)
C
H
CH
TBDMS
TBDMS
TBDMS TBDMS
X
㩷
㩷
ࠬࠠ࡯ࡓ㪉㪉 㪋’㧘㪌’㪄ࠛࡐࠠࠪ࠴ࡒࠫࡦ࠿ࠢ࡟ࠝࠪ࠼㪍㪐ߩ᦭ᯏࠕ࡞ࡒ࠾࠙ࡓ⹜೷ߦࠃࠆⅣ㐿ⵚ෻ᔕ㩷
㩷
NH
N
O
HO
O
O
O
Me
Me
71
TBDMS
NH
N
O
ClH2CO2SO
O
O
O
Me
Me
75
SO2CH2Cl
1) Bu4NF/THF (86%)
2) ClCH2SO2Cl
    pyridine
    (37%)
NH
N
O
AcO O
O
Me
Me
76
NH
N
O
AcO O
O
Me
Me
77
CsOAc/18-crown-6
benzene, reflux  (44%)
AcO
CsOAc/18-crown-6
benzene, reflux
㩷
ࠬࠠ࡯ࡓ㪉㪊 㪊’૏ߩ┙૕㈩⟎ߩ෻ォߦࠃࠆ㪋’㪄὇⚛⟎឵࠴ࡒࠫࡦ㪎㪍ߩวᚑߩ⹜ߺߣ⣕㔌ᚑ❣૕㪎㪎ߩ↢ᚑ㩷
㩷
NH
N
O
HO
O
O
O
Me
R 71: R = Me72: R = CH=CH2
73: R = C{CH
NH
N
O
HO O
O
Me
C
80
CH
TBDMS
NH
N
O
HO O
O
Me
Me
78
NH
N
O
HO O
O
Me
H2C=HC
79
1) Ac2O/pyridine
2) Bu4NF/THF
3) MsCl/pyridine
4) DBN/CH3CN
5) NH3/MeOH
ࠬࠠ࡯ࡓ㪉㪋 㪋’㪄὇⚛⟎឵ࠬ࠲ࡉࠫࡦ㪎㪏㪄㪏㪇ߩวᚑ㩷
㩷
NH
N
O
HO O
O
Me
C
80
CH
NH
N
O
HO O
O
Me
Me
78
NH
N
O
HO O
O
Me
H2C=HC
79
       Compd                        IC50 (PM)a                         IC50 (PM)b
         78                                > 100                                 > 100
         79                                > 100                                 > 100
         80 (4'-Ed4T)                       0.20                            > 100
       stavudine                              2.8                                 100
a Inhibitory concentration required to achieve 50% protection of MT-2
cells against the cytopathic effect of HIV-1 IIIB.
b Cytotoxic concentration required to reduce the viability of mock-infected
MT-2 cells by 50%.
IIIB
㩷 㩷
⴫㧞 㪋’㵨὇⚛⟎឵ࠬ࠲ࡉࠫࡦ㪎㪏㪄㪏㪇ߩ᛫ 㫀㪄㪟㪠㪭㪄㪈Υ㪙ᵴᕈ㩷
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ࠪ࡞࠴ࡔ࡝࠻࡞࡝ࠕߣ㪀‣ 㩿૕ࡠࡠࠢ㪄Ǫ㪄’㪋㧘ᣇ৻
ࠕࠪࠠࠕ࠼࡯ࡘࠪ߇ၮ㔌⣕ߪᔕ෻឵⟎ߩߣࡦ࡜
߽ߣߣࠆ޽ߢ೑᦭ߦ⊛⺰ᐲㅦ߼ߚࠆ޽ߢ⟎㈩࡞
஥㪄ǩ㧘߼ߚ޿ߥߌฃࠍኂ㓚૕┙ߩಽㇱၮႮ㧘ߦ
⿠߇᠄᡹ᩭ᳞ߩࡦ࡜ࠪ࡞࠴ࡔ࡝࠻࡞࡝ࠕߩࠄ߆
ߩⅣࡠࡇࠬ㧘ᓟߚࠇߐ឵ᄌߣ߳… ૕ࡠࡇࠬ㧘ࠅߎ
ᓧ߇  ߣ ‧૕ዉ⺃ࡦࠫ࡝࠙࡞࡝ࠕ㪄’㪋ߡ⚻ࠍⵚ㐿
㩷㧚ࠆ޿ߡߒቯផߣࠆࠇࠄ
ࠃߦ㫃㪘㪊㪼㪤 ߩ․‧ࡦࠫࡒ࠴ࠪࠠࡐࠛ㪄’㪌㧘’㪋㧘ߦᰴ
㧘ᨐ⚿ߩߘ㧚㪀㪈㪉ࡓ࡯ࠠࠬ㩿ߚߒ⸛ᬌࠍᔕ෻ⵚ㐿Ⅳࠆ
෼ߩ㪀  㩿ࡦࠫࡒ࠴࡞࠴ࡔ㪄ǩ㪄’㪋ࠆ޽ߢ‛วൻ⊛⋡
ࠆ޽ߢ࡯ࡑࡇࠛߩߘߪ૕❣ᚑਥ㧘ࠅߥߣ㧑㪌ߪ₸
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Stereo-defined synthesis of branched sugar nucleosides on the basis of reaction of 
epoxy-sugar with organosilicon or organoaluminum reagent: development of 
anti-HIV agent Festinavir 
 
Kazuhiro Haraguchi 
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Abstract 
Stereoselectivity of epoxidation of 1’,2’-unsaturated uridine varied by changing silyl protecting 
group of the 3’- and 5’-hydroxyl groups. Using 3’,5’-O-(di-t-butylsilylene)-protected derivative, 
the 1’,2’-“down” epoxide was formed exclusively. Although the ring opening of this epoxide 
with organoaluminum reagents (R3Al) led to the formation of various types of 1’-branched 
uridines, theirǩ-anomers were also formed. It was assumed that the ǩ-anomers would be 
formed through coordination of R3Al to the carbonyl oxygen of the 2-position of the base moiety. 
This was supported by the fact that both N3-benzyloxymethyl and N3-benzoyl derivatives gave 
the desiredǪ-anomers exclusively. 
In the reaction between epoxides obtained from 4’,5’-unasaturated thymine-nucleosides and 
Me3Al, stereochemistry of the introduced 4’-methyl group is controlled by the configuration of 
the 3’-O-silyl group. Thus, the threo-isomer gave the 4’-methyl-Ǫ-D-nucleoside exclusively, while 
the erythro-isomer gave the 4’-methyl-ǩ-L-nucleoside as the main product. The 4’-vinyl and 
4’-ethynylthymine nucleosides were also synthesized by reacting the threo-isomer of 
4’,5’-epoxynucleoside with the respective organoaluminum reagents. Among these novel 
4’-branched nucleosides synthesized in this study, 2’,3’-didehydro-3’-deoxy-4’-ethynylthymidine 
(Ed4T, Festinavir) was found to be more inhibitory against HIV-1 than the parent compound 
stavudine (d4T), and much less toxic to various cells and also to mitochondrial DNA synthesis. 
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